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An S-band low-noise trawy ing-wave tube, manufactured
-J RCA Laboratories and designated as A4395, was tested
at thp Naval flesearcii Laboratory and found to have a noise
figure of app roxir, ate 1g; 9 db and a sili- 1ig1 gai n of
approximately 26 db. -t'als tube, with associated circuitry,
was installed in the AN.,K'ivi'-z radar in operation at
Chesapeake Bay Annex of the Naval Research Laboratory
for the purpose of evaluating the effect of the addition of
such a preamplifier to a conventional radar system. The
Improvements resulting from the addition of this tube to the
AN/MPQ.. 5, as shown both by s ys t e m measurements and
comparison of display photographs with and without the
p ream p1 if I e r, were increased sensitivity, increased
maximum range, and lower system-noise figure.

PROBLEM STATUS

This is an inte rim report; work on this problem is
continuing.

AUTHORIZATION

NRL Problem R12-02

Manuscript submitted April 16, 1954
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TRAVELING-WAVE TUBE AMPLIFIERS:
AN S-BAND RADAR PREAMPLIFIER

INTRODUCTION

The application of a low-noise traveling-wave tube as a preamplifier to an existing
radar system of higher-noise figure has the effect of reducing the over-all noise figure
of the system. The noise contributed and amplified by this preamplifier is •the dominating
factor in the over-all noise figure, since it masks to a great extent noise contributions
from the rest of the system.

Laboratory tests of the series A4395 traveling-wave tube1 .2 indicated a noise figure in
the region of 9 db, and a small-signal gain of 26 db. Since these tubes perform in the S-band
frequency range, it seemed feasible to use one as an r-f preamplifier in the receiver of a
conventional S-band radar; and, on the basis of availability and conveniece, the AN/MPQ-5
was selected as the radar to which this preamplifier was to be added. If the tube exhibited
the same noise figure in opez atton in the radar as under laboratory tests, it would in effect
give the radar a noise figure of approximately 9 db. Although some S-band radars have
been built with comparable noise figures, as a matter of practical experience few maintain
this noise figure for very long. A consistent 9-db noise figure, if obtainable, would there-
fore represent a considerable improvement in almost any operating S-band radar.

NOISE FIGURE CALCULATIONS

The noise figure of a combination of preamplifier and radar receiver may be written 3
as

FPR I-, + + _:i, (1)Gp

r. A., Ti.,p dL.. . .u-rLli, W. R., H!, "Traveling-Weve Tube Amplifiers: RCA
Low-Noise Tubes," NRL Memorandum Report No. 256 (Confiden-ial), January 1954

2 Radio Corporation of America, RCA Laboratr-y Division, Princeton, New Jersey,
"Discription of Low-Noise Traveling-Wave Tube A4395'

3 Pound R. V., "Microwave Mixe-s," Radiation Laboratory Series, Vol. 16, Fage 1i
(PquatiurL Z3)
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p + Gain of prearnplifier

'-fW Notse fig"re of preamplifier

Fp" Noise figure of radar receiver

FPR = Noise figure of the combination of preamplifier and radar receiver

NR1  Noise figure of radar receiver in decibels

NPR = Noise figure of the combination of preamplifier and radar receiver in decibels.

The instructton manual 4 specifies a 15-db receiver noise figure when the AN/MPQ-5
leaves the factory. The A4395 travel!ing-w.ve tube can be considered as having a 9-db noise
figure and a small-signal gain of 26 db. Substituting these values, expressed in ratios, in
Equation (1) we get

FPR = + - 1 (2)
or 10 '

F = 8.03. (3)

Converting FPR into decibels, where NPR = 10 log10 o FPR, we get NpR = 9.05 db. Since
NR = 10 log1 o FpR we also get NR - NpR = 5.95 db-improvement. Variations from the
original factory specifications on noise figure could give a still larger improvement.

MODIFICATION OF THE AN/NIPQ-5 RADAR

A type AN/MPQ-5 radar was available on a part-time basis at the Chez-apeake Bay Annex.
Operating this radar with a traveling-wave tube preamplifier necessitated the following modi-
fication. The X4395 tube 5 and associated r-f circuitry were inserted between the TR cavity
and the crystal mixer (Fig. 1) by removing the crystal from its integral combination with the
TR cavity and inserting a matching taper from the cavity to the 50-ohm traveling-wave tube
input; and the 50-ohm output of the traveling-wave tube was fed into the crysta9l mixer, whose
input was modified to receiver the 50-ohm output of this tube. In addition, provision was made
to inject the local oscillator signal at the mixer input.

In order to, facilitate visual observation of the effect of the preamplifier on radar
performance, magnetically controlled coaxial switches were inserted at both the input
and output of the traveling-wave tube, allowing the r-f energy either to pass through the
tube to the crystal mixer or to bypass the tube and go directly to the mixer. The system
was retuned, and measurements made to ascertain that system conversion loss, operating
without the preamplifier, was equal to system performance before modification. The
UselaA4LUL -was aJpAiop:UpLaLcly padded Ws pa~vvcut equcpsny onift aind pUwer-ututjA valto

because of load changes, enabling the crystal to operate at the same current with or without
the traveling-wave tube in the circuit.

4"Lark SAF- Radar Equipment. NRL Prototype for ANA/MPQ-5 a;,d ANA/SPQ-? Radar,"
NRL Report 3584, VoIs. I ane HI (Confidential), Yebruary 1950

5 Peter, R. W.. "Low-Noise T'rnvebnig-Wae A-ipilfieWr " 1CA Review, Vol- XIII, No. 3,

pp. 344-36H, Septeniber 1952
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Fig. I - Modification of AN/MPQ-5. radar
fnr traveling-wave tube preamplifier
addýtion

SYSTEM MEASUREMENTS

To assure proper traveling-wave tube performance, gain and noise figure of the pre-
ampitfier were optimized utilizing laboratory techniques. 1 The receiver and detector used
for these measuremenLs were the AN/MPQ-5 rece'ver, of one-megacycle bandwidth, and its
associated detector. The noise source was inserted directly at the TR output. The gain of the
RCA tube, with the radar operating on a frequency of 2810 megacycles, was approximately
26 db.

Without the preamplifier, the noise figure of the AN/MPQ-5 radar was measured as
approximately 18 db, and with the preamplifier it was measured as about 9 db. It is ellpha-
sized that these measurements are approximate in the sense that an error of possibly 10 per-
cent may exist. The radar was availablh for only a limited period of time; so that no elaborate
measurements% nild_ he made. itc•.cs P .jn-1,, to say or, the basis ul Lhe measurements made,
that the addition of the traveling-wave tube definitely improved the noise figure of tht radar
system to which it was added.

PERFORMANCE MEASUREMENTS

While the system was in operation, the improvement in performance could be seen
immediatelv by observatlnr! of the sy.qlem display. Because of the obvious aatuixe oX thiese
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improvements it was decided that the changes in system perforimance could most easily be
demonstrated by means of photographs. A Land-Polaroid Carmera was used to take coni-
parlsoft ohotographs within minmtes of each other. The pictures were snapped, the
preamplifier switched out of the system, and another picture taken. Boih pictures were
then developed.

Because of film characteristics, the improvement visible to the operatcr watchling the
display is not fully shown. The improvements shown, however, are of sufficient magnitude
to warrant their inclusion.

In the first A-scan photographs (Figs. 2 amn 3), a stationary target (A) near noise level
in amplitude was examined. The AN/MPQ-5 autcmatic gain control was turned off and the
gain was adjusted to keep approximately the same target amplitute in both photographs. The
improvement in noise figure is readily apparent.

Fig. Za - Fifty-mile range without Fig. Zb - Fifty-mile range with
preamplifier preamplifier (manual gain reduced)

Fig. 3a - Fiftv-miie range without Fig. 3b - Fiftyjr-mile range with
preamplifier (high noise ievel) preamplif~er (high noise level)

CONFIDENTXAL
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The effect of the preampliffer addition_ can also be shownt where the nois-e level is kept
conm.tant. With the preamplifier energized !'Ming the pre....u target ..... a distInl target
saturation effect Is, immediately apparent (rig. 3).

The PPI photographs show a still more remarkable improvement. Since+ so much infor-
,nation is available on the photographs, the Improvement car best be noted by examination

of the outlined blocks (Figs, 4a and 4b). A 20-mile sweep is prietented, with the range
measured from the center outwPrd, and the increase in readable targets may be easily
noted. The land masses also appear with greater distinctness. Figs. 5a and 5b with the
same range, show system operation after the gain was raised to the point where the noise
was painted on the scope. These ligures also show a clefinite increase in target density
when the preamplifier is used.

The operation of the radar on the 50-mile sweep range (Figs. Ga and Gb) presents more
evidence as to comparatlve target readability with and without the prearnpltfier. The outer
areas show an increase in target density, and near the extremities there is an increase in
the range at which targets can be detected when the preamplifier is used. The noise level
painted on the radar scope was held approximately the same for these photographs, as shown
by t tI -" tt,;dg. of t ie scan.

It was possible to obtain better-than-normal oeration C tizg this particular experiment.
The radar, located on a 100-foot cliff overlooking Chesapeak , Bay at North Beach, painted
targets on the scope beyond the 100-mile range ma 'ker in the Eastern Shore Virginia area
(Figs. '7a and 7b). The outlined areas on the photographs show the increased detail of the
land masses with the addition of the preamplifier.

in the 100-mile photographs taken of the system operating with the gain set so as to
operatt st a high-noise level (with correspondinr obscurity of information at shorter
ranges), the improvement in target readability can still be attained (Figs. Ba and 8b).

CONCLUSIONS

The addition of the RCA type A4395 traveling-wave tube as a preamplifier to the
AN/MPQ-5 radar produced 9 db improvement in noise figure which resulted in correspond-
ing improvement in system performance. This Improvement was in two forms: increased
range and increased target readablitly. It is expected that similar improvements can be
achieved in other radar systems by means of this type of preamplifier.

The preamplifier had the further characteristic of retaining ics optimum performance.
In the tests conducted, the traveling-wave tube required only a slight adjustment in helix
voltage from day to day, after initial warm-up, to duplicate the previous performances of
9-db noise figure.

The installation of a traveling-wave tube as a preamplifier to an existing radar, such
an the. AN/MPQ-5, is a rather simple modification. The advantagc of th. modification could
be further enhanced by the replacement of the traveling-wave tube electromagnet by a
permanent magnet, effecting a considerable reduction in size and weight.

CONFIDENTIAL
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